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Project Overview:

Goals and Objectives

Objectives:

- Identify and characterize the presence =~ = = [
and extent of potential ROZs in the - \A{
Williston Basin (WB) and Powder River '
Basin (PRB). e g e

» Estimate residual oil in place and CO,
storage potential.

« Determine feasibility of CO, enhanced
oll recovery (EOR) in identified ROZs.

« Develop repeatable methodology for
sedimentary basins to be included in a
best practices manual (BPM).
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Basin

Modeling

Provides a complete record of the
evolution of a petroleum system,
Including:

Deposition and erosion.
Pressure and compaction.
Heat flow analysis.
Petroleum generation.

Fluid pressure, volume,
temperature analysis.

Reservoir volumetrics.
Structural evolution.

Generation, migration, and
accumulation of hydrocarbons.
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Petroleum Systems: Timing is Critical

Trap
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Trap Must Be Available Before/Duning Migration
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Approach

« Understand ROZs and previous work in basin
modeling, both local and abroad.

« Translate geologic history of basins into an input for
modeling. an
« Gather data required for model construction. B =

USGS TOTAL PETROLEUM SYSTEMS (TPS)

Coalbed Gas TPS

Shallow Biogenic Gas TPS

Y Madison TPS
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1-D and 2-D Modeling

1-D Models 2-D Models

* Point location examination of: - Investigate generation and lateral
— Burial history. migration.
— Temperatures. » Faster simulation times than 3-D.
— Boundary conditions.
— Generation.

Global Mean Surface Temperature (based on Wygrala, 1989)
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3-D Models

* Robust basin analysis that provides more detail than a
simplified 2-D model.

« Structural models have been developed.
« Generation and migration calibration ongoing.

Williston Basin Structure Model
50x Vertical Exaggeration




3-D Models

« Current models predict hydrocarbon accumulations that
largely agree with known Mission Canyon pools.

 Cedar Creek Anticline
 Nesson Anticline

Petraleum
Saturation [%]
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3-D Models

1 Ground Elevation

2 Spearfish

12 Duperow

13 Souris River

14 Interlake

17 Winnipeq

18 Precambrian
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etroMod

« Extracted 2-D
models depict
expulsion and
migration
throughout the
Williston
Basin.




3-D Models

ambrian
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3-D Models
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* Vectors depicting
water movement.

. = _ = Modeling results
;. o S o=ad support a majority of
e e ' ==l the water from the
,,,,, | (R e R S, southwest moving
i, e ' around the basin,
fffff e e v ' rather than through it.
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Core Analysis

« Data from core will be used to
support the modeling effort
(e.g., calibration, validation).

» Multiple wells will be chosen
based on literature review,
modeling results, and core
availability.
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Petrophysical Approach
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Petrophysical workflows analyzing

) oil and water saturations from

> 1086 existing logs in areas of known tilted

& o oil-water contacts will support

modeling efforts.

« Example: T.R. and Big Stick
Fields in southwestern North
Dakota.




Petrophysics

N
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Field-scale models and

petrophysical analyses will be
used to validate and calibrate

%@ EERC basin-scale models.
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Pulsed Neutron Logs (PNLS)

PNLs will be collected near
suspected ROZs to support and
validate modeling and petrophysical
analysis efforts.

To choose potential locations for

PNLs, several criteria must be met:

« Currently active well

« Wells penetrate through to the
potential ROZ

« Completion specifications

S)EERC
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Risk Analysis

» Uncertainty analysis using Monte Carlo simulations will be performed to
better understand the impact of key variables..

« Range of data for each variable will come from literature review database.

* Probabilities, confidence intervals, error bars, correlations, and calibration
will be considered to find the best model fit.

* High-, mid-, and low-probability models will be used in fairway mapping.

Inputs Model Output
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www.brighton-webs.co.uk/montecarlo/simulation.aspx




Output — ROZ Fairway Mapping

« Create play fairway maps showing potential brownfield
(existing fields) and greenfield (new fields) ROZs.

 Display high, mid-, and low probabillities.

STEPS TO CREATING A PLAY FAIRWAY MAP

COMPILE :
EXISTING :
DATA MODERATE
PROBABILITY

EXAMINE,
INTEGRATE AND
INTERPRET DATA

DETERMINE
POSSIBLE PLAY
TYPES &
CHARACTERISTICS

CONSTRUCT
PROBABILITY MAPS FOR INTEGRATE INDIVIDUAL
EACH GEOLOGICAL MAPS TO HIGHLIGHT

CONDITION AREAS WITH HIGH
CHANCE OF SUCCESS
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Output — CO, EOR Feasibility Study

* Analyze potential ROZs to determine feasibility for enhanced
recovery using CO..

« Use published ranges for recovery and utilization factors for
conventional CO, EOR projects.

« Make high, mid-, and low estimates.
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Contact Information

Energy & Environmental Research Center
University of North Dakota

15 North 23rd Street, Stop 9018

Grand Forks, ND 58202-9018
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Disclaimer

This presentation was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government, nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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